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Geant4Computer simulation results are presented for a fiber sensor based on the Saint-Gobain Crystals BSF-60
scintillation fiber aimed to measure the activities of sources of ionizing radiation. The simulation based
on the Monte Carlo method and a Geant4 software code was applied to calculate the dependence of the
number of beta-electrons entering a BSF-60 scintillation fiber on the activity of radiation sources based
on 89Sr and 90Sr isotopes. An experimental study of the sensitivity of the developed fiber sensor and the
measuring system to beta radiation of 89Sr and 90Sr isotopes showed a high degree of compliance with the
proposed model.
 2015 The Authors. Published by Elsevier B.V. This is anopenaccess article under the CCBY license (http://
creativecommons.org/licenses/by/4.0/).Currently, the development of fiber-optics devices and systems the optical power), and a controller for measuring the signal of
for measuring ionizing radiation sources is a promising and popular
field in radiometric instrumentation technologies [1,2]. The use of
optical fibers as sensor elements significantly reduces the induced
electromagnetic interference, allows a spatial separation of a sensor
and a measurement unit, increases the radiation resistance and
durability, and also extends the functionality of systems by applying
advancedmethods of analysis of optical signals. Theuseof new types
of scintillators in the formof opticalwaveguides in conjunctionwith
highly sensitive photodetectors expands the scope of application of
detectors, dosimeters and radiometers createdon their base, reduces
costs and simplifies the measurement technique [2–6].
Experimental studies with sources of ionizing radiation requires
large material and time costs, which increases the urgency of the
problem of modeling and simulating the processes taking place
in a measuring system. The simulation conducted by the authors
was aimed at studying the possibility of using a BSF-60 optical
fiber to measure the activity of beta radiation sources. The mea-
surement of the activity of beta radiation sources was performed
on chloride solutions of 89Sr and 90Sr isotopes.
The system consisted of a sensor element, a measuring unit and
a personal computer, as well as a transport optical fiber that links
the sensor element and the measuring device. The measuring
device consisted of a photodetector which converts the optical
radiation from the sensing element into an electrical signal (in
our case, into the number of pulses per unit time proportional tothe photodetector and transmitting the measured data to the per-
sonal computer. A software installed on a PC was used to process
and visualize the results.
The BSF-60 multimode polymer scintillation fiber by Saint-
Gobain Crystals [7] was chosen as a base material for the sensors,
which has an increased radiation resistance [8]. The core of the
fiber is made of polystyrene (C8H8)n with a refractive index of
1.69. The material for the shell is polymethyl methacrylate
(C5H8O2) with a refractive index of 1.49. The scintillation efficiency
of the fiber is about 2.5%, which corresponds to the creation of
approximately 7 photons under 1 keV energy of the ionizing parti-
cle (beta-electron). The photon capture efficiency of the fiber core
depends on the distance between the axis of the fiber and the flash
point and varies from 3% to 4% (for photons generated by
beta-electrons at the fiber axis) to 7% (photons generated at the
core–shell boundary) for the considered fiber.
The sensor element fibers are arranged in a circular hole of the
sensor housing in the form of a spiral with a diameter of 60 mm
and a height of 15 mm, with the number of turns equal to 3.
Controlled samples of beta radiation sources are placed inside
the hole in the housing of the sensor element.
The simulation of the above measuring system involved two
stages. In thefirst stage, a calculationof thenumber of beta electrons
from the source of ionizing radiation entering the optical fiber was
performed. In the second stage, a conversion was made of the num-
ber of electrons into the number of photons reaching the detector
and recorded by the latter in the form of output pulses.
Fig. 1. Simulation of measuring the parameters of a 89Sr- and 90Sr-based radiation
source. (a) scheme of the experiment: (1) glass bottle, (2) 89Sr and 90Sr chloride
solution, (3) scintillation fiber; (b) visualization of the beta-electrons trajectories.
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electrons entering the BSF-60 scintillation fiber on the activity of
89Sr- and 90Sr-based radiation sources was done by Monte Carlo
simulation using a Geant4 software code [9]. For this purpose, a
3D model of the sensor element was built. Besides, 3D models of
cylindrical volume sources based on 89Sr and 90Sr were built. ENDF
(Evaluated Nuclear Data File) databases from NNDC (National
Nuclear Data Center), as well as literature data [10,11] were used
to set the energy spectrum of the radiation sources.
Fig. 1a illustrates a model describing the sensor with volume
sources based on 89Sr and 90Sr. For the above experimental scheme,
a calculation was done of the total energy transferred to the scintil-
lation fiber by electrons that hit it. The calculation was performed
using the Monte Carlo method and a Geant4 software code. The
results of the calculation of particle trajectories are shown in Fig. 1b.
Among the physical models available in the Geant4 software
which describe the electromagnetic interactions of particles, theFig. 2. Dependence of the count rates on the activities of 89Sr- and 90Sr-based
sources. (a) A 89Sr source, (b) a 90Sr source (solid lines stand for the calculation,
individual points are the experiment).«Livermore» model was selected, which allowed the most accurate
simulation of particles with low energy. The simulation of the radi-
ation detection process by the measurement system was per-
formed as follows: the total energy transferred to the
scintillation fiber by electrons that hit it was calculated consis-
tently for each value of a set of specified activities of radiation
sources. Then the photon count rate and the number of pulses
per unit time at the photodetector output (counting rate) was cal-
culated from the total energy transferred to scintillation fiber
depending on the activity of the source of ionizing radiation.
For experimental verification of the models, sources of beta-
radiation based on 89Sr and 90Sr isotopes were made: five sources
in the form of 89Sr chloride and five sources in the form of 90Sr
chloride with the same activity sets of 0.625; 1.25; 2.5; 5.0 and
10 mCi. The solutions were placed in glass bottles with a wall
thickness of 1 mm. The volume of solution for each activity was
5 ml. The energy of the emitted beta electrons for 89Sr ranges up
to 1491 keV, with an average value of Ee = 583 keV, [10], for 90Sr
– up to 546 keV with an average of Ee = 196 keV [10]. When mea-
suring the 89Sr and 90Sr sources, samples with different activities
were placed alternately in the center of the circular opening of
the housing of the sensor element.
Fig. 2 shows the results of experimental measurements of pulse
count rate on the activity of the sources for 89Sr and 90Sr, respec-
tively, as well as the results of calculations performed using the
above model. In all cases, the experimental points are in good
agreement with the calculated results within the absolute mea-
surement error (±10 s1).
In conclusion, our study has shown the possibility of using
scintillating optical fibers to measure the activities of 89Sr- and
90Sr-based sources. The calculation results of the proposed model
are in good agreement with the experimental results. Besides,
the experimental results have shown the sensitivity of the detector
to be stable under the activities of 89Sr and 90Sr sources of about
1 mCi. The counting rate dependence on the 89Sr and 90Sr source
activities has a linear form, which can then be used for calibration
purposes.
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